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1. Introduction

In the study item on small data transmission enhancements for UMTS, coverage enhancement for relevant channels is taken as one major objective [1]. The requirement of coverage enhancement is analyzed and proposed in [2] by evaluating the maximum coupling loss (MCL) for relevant channels. In this contribution, we provide potential solutions for coverage enhancement for small data transmission.
2. Solutions for coverage enhancement
2.1 Larger TTI
It is known that larger TTI can improve the coverage by decreasing the coding rate when the wireless channel is fading. Simultaneously, a larger TTI also leads to more power accumulation, which means that less transmission power is needed to achieve the same SNR in the receiver for the same amount of data. Besides the 2ms and 10ms TTI lengths in current specifications, a larger TTI may be considered in order to achieve a larger coverage, as shown in Figure 1. A larger TTI would have a substantial impact to the specifications and implementation. For example, in the channel coding procedure, the data after rate matching shall also be extended to the corresponding length according to TTI length.
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Figure 1 Larger TTI

2.2 TTI repetition
TTI repetition can improve the coverage since the receiver can combine multiple copies of the same data, assuming the same data is transmitted on consecutive TTIs. The SNR after combining is raised, which means in each transmission a smaller transmission power is needed to achieve the desired SNR in the receiver. Consequently the UE can achieve good performance even in a location with larger distance from the NodeB or when undergoes a larger path loss.
TTI repetition can be implemented in two ways: including repetition with the same RV or repetition with different RV, as shown in Figure 2. In Figure 2(a), the same copy of the chip level signal is repeated in multiple consecutive TTIs. In Figure 2(b), the same transport block is transmitted in multiple consecutive TTIs by using different redundancy version.
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Figure 2 TTI repetition

2.3 Power boosting
Power boosting can keep the received SNR to fulfil the demodulation requirement even if a large path loss occurs because more power is used by the UE on the uplink transmission, as shown in Figure 3. The additional power can compensate the large path loss. However, if the UE is deployed in the cell edge and/or its transmission power is close to the maximum power, there would be no power headroom to increase the coverage.
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Figure 3 Power boosting

2.4 Increasing HARQ retransmissions
In current specification HARQ mechanism allows UE to retransmit data if CRC is wrong. Due to the larger pass loss or penetration loss, the received signal will be weaker in each HARQ transmission. Increasing the maximum number of HARQ retransmissions allows UE to transmit the data with lower received power in each transmission. Even the BLER for each transmission is increased due to the larger penetration loss, the same BLER target can still be achieved by using more retransmissions. This leads to coverage enhancement similarly to TTI repetition. However, increasing the maximum number of HARQ retransmissions will increase the transmission time which leads to a larger delay, as shown in Figure 4. Another aspect that should be considered is the coverage improvement for the ACK/NACK signalling, which would also likely increase the delay.
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Figure 4 Increasing HARQ retransmissions
2.5 Summary
Table 1 summarizes an initial comparison of the different solutions for coverage enhancements. While analyzing solutions for coverage enhancement, factors such as transmission power, transmission delay and specification impacts should be considered.
Table 1 Comparisons among solutions for coverage enhancement
	Solutions
	Transmission power
	Transmission delay
	Specification impacts

	TTI repetition with same RV
	Low
	Medium
	Low

	TTI repetition with different RV
	Low
	Medium
	Low

	Power boosting
	High
	Short
	Low

	Increasing HARQ retransmissions
	Low
	Long
	Low

	Larger TTI
	Low
	Medium
	High


3. Conclusion
In this contribution, solutions for coverage enhancement for small data transmission are discussed. It is proposed to consider these solutions in the study and capture them in the technical report.
Proposal: Consider these solutions in the study and capture them in the technical report.
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